Unnecessary tripping of elements like generators, transformers, motors, etc. might occur when the protection system of the equipment includes high set instantaneous over-current element that is not immune to the existence of decaying DC component in its measured signals. Relays might have the same setting and have the same current flowing into their terminals but respond to it differently depending on their response with respect to the decaying DC component and this might lead to un-satisfactory protection operation.
IMPACT OF DECAYING DC COMPONENT ON THE CHARACTERISTICS OF OVER-CURRENT PROTECTIVE RELAYS
Unnecessary tripping of elements like generators, transformers, motors, etc. might occur when the protection system of the equipment includes high set instantaneous over-current element that is not immune to the existence of decaying DC component in its measured signals. Relays might have the same setting and have the same current flowing into their terminals but respond to it differently depending on their response with respect to the decaying DC component and this might lead to un-satisfactory protection operation.
This problem is more apparent in the case of electromechanical or static relays (which are still widely used) where the filtering, if exists, is done by hardware circuits. Hence, there is a possibility that the relay decision might be affected by the un-filtered part of the decaying DC component. The general practice to solve this problem is to increase the setting of the relay and this practice reduces the sensitivity of the protection. This paper presents a possible methodology by which the over-current relay characteristics under the existence of the decaying DC component could be assessed. The methodology is based on subjection of the tested relay to the practical ranges of both the time constant and the amplitude of the decaying DC component. From this test the characteristics of the relay with respect to the decaying DC component are obtained. Figure 1 shows the testing method of an overcurrent relay. In this test the time constant is varied, the amplitude of the decaying DC component is set at its maximum possible value while the steady state current is being varied. It should be notes that the value of the steady state current should be kept less than the relay setting so that only the effect of the DC component could be evaluated. Figure 2 shows the second test where the time constant is vaired, the steady state current is kept constant, while the amplitude of the DC component is being changed. Based on these characteristics it was found that the relay might mal-operate at values of currents less than its setting and its minimum tolerance limit. The difference between the setting and the current at which the relay mal-operated was variable and is a function of both the setting value and the time constant (which depends on the location of the relay).
It is possible to make use of these characteristics to choose a more suitable increase of the relay setting or a better location for the relay for enhanced sensitivity and enhanced protection performance.
Several relay types (of different well-known manufacturers) were tested to check how their characteristics are affected. Figure 3 depicts the corresponding characteristics of an electromechanical relay after testing it using the previously mentioned tests.
It is clear from the figures that relays responded in different manners based on their type and design. New performance indices that assess the relays' response to the decaying DC component are calculated. These indices are used to compare the performance of 2 or more relays under the influence of the decaying DC component. As a part of this work, a digital tester was designed and implemented in order to facilitate the process of changing the time constant and the amplitude of the waveform injected into the relay terminals. In conclusion, by using the proposed test, static or electromechanical relays could be reassessed so as to make their performance more satisfactory. The test could be used in analysis of protective system performance during system faults and also for choosing the proper relay for specific applications that require the relay operation to be more independent on decaying DC components. It might be of benefit that testers' manufacturers add a new module in their hardware that is capable of generating sine waves with controllable decaying DC component.
